We calculate the electronic properties of austenite and martensite Fe-9%Mn alloys using the self consistent full-potential linearized-plane-wave method under the generalized gradient approximation full lattice relaxation. By minimizing total-energy, the lattice constants in their ground states were determined. We discuss the total energy dependence of the volume, and density of states (DOS). 
Introduction
Fe-Mn alloys at room temperature are fcc crystal structures but can be changed to bcc, bct and hcp. These alloys are widely used for developing stainless austenite steels especially for use in critical temperature ranges, aggressive environments and other severe external conditions. Bolton et al. [1] showed that Fe-Mn alloys containing 4-10%Mn have a Lath martensitic structure on cooling from the austenite phase field, and Schumann [2] examined the dependence of α -martensite formation on the manganese content of Fe-Mn alloys and reported the formation of α -martensite when the manganese content is less than 10%. The α -phase is formed by plastically deformation of the samples at low transformation temperatures. It has been well established that, depending on the manganese con- * E-mail: eucgun@dumlupinar.edu.tr tent, three distinct types of martensite structures, namely, (hcp), α (bcc), and α (bct) martensites, are formed in Fe-Mn binary alloys [3] . Although both phases generally appear together, in some Fe-Mn alloys one type can be formed without formation of the other [4] .
Deformation-induced formation of α -martensite in Fe-Mn alloys can easily be explained using the model described by Olson and Cohen [5] , which is based on the assumption that new sites or embryos for such formation are created by the applied plastic deformation.
Plastic deformation influences the structure and electronic properties of Fe-Mn alloys. These properties of Fe-Mn alloys have been studied theoretically by various research groups [6] [7] [8] [9] [10] [11] . The role of theoretical calculations in the area of solid state research has expanded rapidly during the last few years. Such methods are used in calculating the electronic structure and physical properties of solids, and are increasingly used for solving not only fundamental, but also applied problems.
There exists a large amount of experimental information on the electronic structure and magnetic properties of FeMn alloy because transition metal is a constituent of many important magnetic materials. As a pure element, bcc iron is ferromagnetic with a magnetic moment of 2.2 µ B . Pure manganese has a very complicated crystal (with a unit cell of 58 atoms) and magnetic structures. Iron-rich Fe -Mn 1− bcc alloys ( > 0 8) show ferromagnetic order with nonlinear behavior of magnetization that abruptly disappears at = 0 8 [12] . When manganese is alloyed with large amounts of Fe, it forms a bcc lattice and is ferromagnetic. Nuclear magnetic resonance measurements have found a magnetic moment for manganese of order 1.5 to 3.0 µ B [13] . Iron and manganese couple paramagnetically when the manganese metal is in antiferromagnetic state.
The bcc structure is the most common among the transition metals, and the combination of the axial symmetry and the two atoms per unit cell results in an electronic structure which is more complex in noncubic structures. This complexity is reflected in the Fermi surfaces. The band structures of γ-Mn and γ-Fe were studied by Asano and Yamashita, using Green's function techniques with the Slater exchange approximation [14] .
There have been a large number of experimental and theoretical studies for understanding and predicting the electronic structure and the related structural, electrical, and magnetic properties of the 3d intermetallic compounds. As 3d transition metal elements with strong ferromagnetism, iron and manganese have particularly-filled d bands which are localized in energy and space compared to the neighboring well-dispersed sp bands. Strong spin exchange splitting between the majority-and minorityspin d states cause ferromagnetism at room temperature.
In the last decades several theoretical schemes have been employed to study the magnetic behavior of metallic systems. In this matter the iron based alloys especially have been the focus of attention of the research.
In this work, the electronic structures of fcc and bcc Fe9%Mn alloys were studied using the WIEN2k program package [15] . Studies on the deformed samples which were numbered II, III and IV are carried out and will be reported soon.
Preparing samples
The Fe-9%Mn alloy was prepared by induction melting in an argon atmosphere from pure (99.9%) alloy elements. Samples were homogenized at 1100
• C for sixteen hours and quenched in ice water to initiate martensite formation in the fcc austenite structure. The specimens were examined in a Jeol-200CX Transmission Electron Microscope (TEM) operating at 200kV. TEM observations showed the presence of only α -type martensite structures. In the austenitic samples which were quenched at room temperature after homogenization. Lattice constants of samples were calculated using diffraction patterns as shown in Table 1 [16] . 
Calculation details
All the calculations reported in this paper are performed by using the self-consistent full-potential linearized augmented-plane-wave (FLAPW) method [15] under the generalized gradient approximation (GGA) in a scalar relativistic version without spin-orbit coupling. We have adopted the Perdew et al. exchange-correlation functionals [17] in the GGA calculations. To separate core and valance states, the energy threshold of -6.0 Ry is used. The muffin tin radii (atomic sphere size R MT ) were 1.70 au for iron and 1.70 au for manganese in the austenite phase and 1.58 au for iron and 1.58 au for manganese in the martensite phase. To achieve convergence the energy criterion was chosen at 0.00001 Ry. For the number of plane waves, we took R MT (max)×K max = 7. One thousand -points were used in the mesh for the integration procedure, which were leading to 47 inequivalent -points in the irreducible Brillouin zone. Both the muffin tin radius and the number of -points were varied to ensure convergence. We used the experimental lattice constants =7.444475 au (austenite) and =5.250350 au (martensite). The supercell approach has been used to study Fe-9%Mn alloys for both martensite and austenite phases containing about nine per cent manganese. The symmetry of the martensite structure is I − 3 and the symmetry of the austenite structure is F − 3 . Therefore, bcc Fe-9%Mn (martensite) and fcc Fe-9%Mn (austenite) structures have been studied and reported here. For the cubic structures (fcc and bcc) the total energy is calculated as a function of cell volume V . We performed calculations for eleven different volumes in order to optimize V . The calculated total energy as a function of volume was fitted to the Murnaghan equation of state [18] . From this process the equilibrium volume (V 0 ), the bulk modulus (B) and the two shear moduli (G and G) were obtained. Figure 1 shows the fits to the calculated total energy as a function of volume for our alloys. From these graphs the equilibrium volumes of each structure are obtained and the lattice constants calculated using the minimum energy value at the equilibrium volume. In Table 2 , we summarize the calculated equilibrium volumes, bulk modulus, the two shear moduli for the austenite and martensite phases, and the energy difference between the minimum energy of these two phases ∆E = E 0 −E 0 . The stabilities of Fe-9%Mn alloy have been analyzed using the elastic constants. A cubic crystal has three independent elastic moduli: these can be taken to the bulk modulus (B) and two shear moduli, G = (C 11 − C 12 )/2 and G = C 44 . In this way, the conditions for elastic stability of a cubic lattice are [19] B = (C 11 + 2C 12 )/3 > 0
We can see that the elastic stability criteria for a cubic crystal are fully filled by the calculated elastic constants for samples. Therefore the samples are locally stable for fcc and bcc structures, as seen in Figure 1 . Stability of Fe-9%Mn alloys, to our best knowledge, has not been observed yet in the context of austenite-martensite phase transitions. The calculated lattice parameters for the samples are presented in Table 3 and these parameters for both fcc and bcc alloys are very close to experimental values (3.758 Å and 2.882 Å, respectively) obtained using TEM methods [16] . For the fcc phase we obtained an equilibrium lattice parameter of 6.551492 au; for the bcc phase, 5.292022 au.
In Figure 2 , we present the calculated electronic densities of states (DOS) for fcc and bcc phases. The solid line corresponds to the fcc phase and the dotted line to the bcc phase; the zero of the energy axis is at the Fermi level (E F ). The bandwidth of bcc phase is slightly larger than that of the fcc phase. Peaks of the bcc phase were better formed.
Conclusion
The total energy dependence of the volume and density of states (DOS) was presented for austenite and martensite Fe-9%Mn alloys using the self consistent fullpotential linearized-plane-wave (FLAPW) method under the generalized-gradient approximation full lattice relaxation. We observed the stability of Fe-9%Mn alloys in terms of austenite-martensite phase transitions, analyzing them using elastic constants. The elastic stability criteria were achieved from several samples and we thence concluded that the samples are locally stable for fcc and bcc structures. The calculated lattice parameters for both fcc and bcc alloys were very close to our experimental values obtained from TEM methods.
